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The present invention relates to a laser beam welding 
process using a gas mixture consisting of nitrogen and 
helium in proportions that are adjusted or adapted 
according to the power or power density of the laser 
device used. 

In industry, it is known to use a laser beam to cut or 
weld one or more metal workpieces. In this regard, the 
following documents may be cited: DE-A-2 713 904, 
DE-A-4 034 745, JP-A- 0 1 04 8 6 92 , JP-A-56122690 , 

WO 97/34730, JP-A- 0 1 0 0 5 6 92 , DE-A-4 123 716, 

JP-A-02030389, US-A-4 871 897, JP-A-230389, 

JP-A- 62 104 6 93 , JP-A- 15 692 , JP-A- 156 93, JP-A- 156 94, 
JP-A- 22 06 81, JP-A- 22 0 6 82 , JP-A- 2 2 0683 , WO-A- 8 8 / 0 1553 , 
WO-A-98/14302 , DE-A-3 619 513 and DE-A-3 934 920. 

Laser welding is a very high-performance welding 
process as it makes it possible to obtain, at high 
speeds, very great penetration depths compared with 
other more conventional processes, such as plasma 
welding, MIG (Metal Inert Gas) welding or TIG (Tungsten 
Inert Gas) welding . 



This is explained by the high power densities involved 
when focusing the laser beam by one or more mirrors or 
30 lenses in the joint plane of the workpieces to be 
welded, for example power densities that may exceed 
10 6 W/cm 2 . 



These high power densities cause considerable 
3 5 vaporization at the surface of the workpieces which, 
expanding to the outside,' induces progressive cratering 
of the weld pool and results in the formation of a 
narrow and deep vapor capillary called a "keyhole" in 
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the thickness of the plates, that is to say in the 
joint plane. 

This capillary allows the energy of the laser beam to 
.5 be directly deposited depthwise in the plate, as 
opposed to the more conventional welding processes in 
which the energy deposition is localized on the 
surface . 

10 This capillary is formed from a metal vapor/metal vapor 
plasma mixture, the particular feature of which is that 
it absorbs the laser beam and therefore traps the 
energy within the actual capillary. 

15 One of the problems with laser welding is the formation 
of a shielding gas plasma. 

This is because this metal vapor plasma, by seeding the 
shielding gas with free electrons, may induce the 
20 appearance of a shielding gas plasma, which is 
prejudicial to the welding operation. 

The incident laser beam may therefore be greatly, or 
even totally, absorbed and therefore may lead to a 
25 substantial reduction in the penetration depth, or even 
in a loss of coupling between the beam and the material 
and therefore a momentary interruption in the welding 
process . 

3 0 The power density threshold at which the plasma appears 
depends on the ■ ionization potential of the shielding 
gas used and is inversely proportional to the square of 
the wavelength of the laser beam. 

35 Thus,, it is very difficult to weld under pure argon 

with a C0 2 -type laser, whereas this operation may be 

carried out with very much less of a problem with a 
YAG-type laser. 
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In general, in C0 2 laser welding, helium is used as 
shielding gas, this being a gas with a high ionization 
potential and making it possible to prevent the 
appearance of the shielding gas plasma, and to do so 
5 irrespective of the laser beam power employed. 

However, helium has the drawback of being an expensive 
gas and many laser users prefer to use other gases or 
gas mixtures that are- less expensive than helium but 
10 which would nevertheless limit the appearance of the 
shielding gas plasma and therefore obtain welding 
results similar to those obtained with helium, but at a 
lower cost . 

15 Thus, gas mixtures are commercially available that 
contain argon and helium, for example the gas mixture 
containing 3 0% helium by volume and the rest being 
argon, sold under the name LASAL™ 2 04 5 by L'Air 
Liquide™, which make it possible to achieve 

20 substantially the same results as helium, for C0 2 laser 
power levels below 5 kW and provided that the power 
densities generated are not too high, that is to say 
above about 2 0 00 kW/cm 2 . 

25 However, the problem that arises with this type of 
Ar/He mixture is that it is no longer suitable for 
higher laser power densities, since the threshold at 
which the shielding gas plasma is created is then 
exceeded . 

30 

It is an object of the present invention therefore to 
solve this problem by proposing an improved laser 
welding process that can employ lasers with a power 
exceeding 15 to 2 0 kW and to do so, with no or minimal 
35 shielding gas plasma formation, irrespective of the 
power or power density chosen. 

The solution of the invention is therefore a laser beam 
welding process employing a shielding gas mixture 



containing nitrogen and helium, in which the proportion 
of nitrogen and/or helium in said gas mixture is chosen 
or adjusted according to the power or power density of 
said laser beam. 

Depending on the case, the process of the invention may- 
include one or more of the following technical 
features : 

the laser power is between 0.5 kW and 30 kW, 
preferably between 5 kW and 2 0 kW; 

the shielding gas mixture consists of nitrogen 
and/or helium; preferably, the gas mixture contains a 
helium volume proportion of 30% to 80%, the remainder 
being nitrogen and possibly inevitable impurities; 

the gas mixture is produced on site, by mixing 
defined amounts of nitrogen and helium; 

the gas mixture is produced by means of a gas 
mixer system slaved to the laser power or power density 
employed so as to mix controlled amounts of nitrogen 
and helium; 

the proportion of helium in the gas mixture is 
increased when the laser power or power density is 
increased . 

According to another aspect, the invention also relates 
to a laser beam welding process employing a shielding 
gas mixture containing helium and nitrogen, in which 
the proportion of helium relative to the proportion of 
nitrogen in said gas mixture is chosen or adjusted 
according to the power or power density of said laser 
beam so as to avoid or minimize plasma formation in the 
shielding gas during welding. 

According to another aspect, the invention also relates 
to a laser beam welding process employing a shielding 
gas mixture containing helium and nitrogen, in which 
the volume proportion of helium in said gas mixture is: 

between 1 and 30% for a laser beam power of 
between 0.5 kW and 4 kW; 



between 3 0 and 50% for a laser beam power of 
between 4 kW and 8 kW; and/or 

between 5 0 and 70% for a laser beam power of 
between 8 kW and 12 kW. 

Moreover, - the invention also relates to a laser beam 
welding process employing a shielding gas mixture 
containing helium and nitrogen, in which the volume 
proportion of helium in said gas mixture is: 

between- 1 and 30% for a laser beam power 
density of between 500 kW/cm 2 and 2000 kW/cm 2 ; 

between 3 0 and 50% for a laser beam power 
density of between 2000 kW/cm 2 and 4000 kW/cm 2 ; and/or 

between 50 and 70% for a laser beam power 
density of between 4000 kW/cm 2 and 10 0 00 kW/cm 2 . 

The helium and nitrogen preferably come from a single 
gas source in which the helium and nitrogen are 
premixed in the desired proportions, for example, by 
means of a gas mixer. 

The invention also relates to a laser beam welding 
installation employing a shielding gas mixture 
containing nitrogen and helium, comprising: 

at least one nitrogen source; 

at least one helium source; 

gas mixing means allowing the nitrogen coming 
from the nitrogen source to be mixed with the helium 
coming from the helium source; 

a laser generator device delivering a laser 
beam having a laser power of at least 0.5 kW; and 

regulating means that cooperate . with said gas 
mixing means so as to adjust the proportions of 
nitrogen and/or helium according to the laser power 
delivered by the laser device. 

Furthermore, the invention also relates to a laser beam 
welding process employing a shielding gas mixture 
containing helium and nitrogen, in which the volume 
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proportion of helium (%He) in said gas mixture as a 
function of the power density is such that: 

28xIn(0 P ) - 207 < %He < 32 . 3xln (<D P ) - 207 
in which: 

5 - In (Op) represents the natural logarithm of the 

power density expressed in kw/cm 2 ; and 

%He represents the volume percentage of helium 
in nitrogen of the gas mixture. 

10 Preferably, the volume proportion of helium (%He) in 
said gas mixture as a function of the power density is 
such that : 

28.5xIn(0 P ) - 207 < %He < 31.5xIn(0> P ) - 207. 
Also preferably, the volume proportion of helium (%He) 
15 in said gas mixture as a function of the power density 
is such that: 

29xIn((D P ) - 207 < %He <31xIn(0 P ) - 207. 
A greater understanding of the invention will now be 
gained from the explanations given below with reference 

2 0 to the appended figure. 

As explained above, in laser beam welding, a major 
problem that arises is associated with the creation of 
a shielding gas plasma harmful to the welding operation 
25 by the strong, or even total, absorption of the laser 
beam that it generates, and thus results in an 
appreciable reduction in the penetration depth, or even 
in a loss of coupling between the laser beam and the 
material to be welded, and therefore in an interruption 

3 0 in the welding process. 

Now, the inventors of the present invention have 
demonstrated that the threshold for the appearance of 
the shielding gas plasma is determined, for a given 
35 C0 2 -type laser power density, by the volume proportion 
of helium (relative to that of nitrogen) in the 
helium/nitrogen gas mixture used as shielding gas 
during the welding operation and that this proportion 



- 7 - 

of helium has to be varied according to the power 
density of the laser. 



Thus, Figure 1 shows (curve A) the change in the 

5 threshold appearance of plasma as a function of the 
power density (plotted on the x-axis) and of the volume 

proportion of helium (plotted on the y-axis) in the 

mixture formed from nitrogen and helium, the sum of the 

nitrogen and helium contents constituting 100% by 
10 volume of the mixture. 

Curve A was obtained by analysis of the depth of 
penetration of the weld beads produced with various 
helium contents in the mixture and by visual 
15 examination of the appearance, or nonappearance, of the 
shielding gas plasma during the welding process. 

The power density was obtained by dividing the laser 
power on the workpiece by the diameter of the focal 
20 spot obtained with the laser in question, measured 
beforehand by means of a laser beam analyzer. 

The region lying above curve A represents the region in 
which, for the power density in question, the helium 
25 content in the nitrogen allows a weld bead to be 
produced without shielding gas plasma appearing. 

In the region lying below curve A, the shielding gas 
breaks down and therefore a shielding gas plasma is 
3 0 present. 

In order to indicate the uncertainties associated with 
measuring the diameter (in microns) of the focal spot, 
with that of the helium content in the nitrogen/helium 
3 5 mixture and with that regarding the energy distribution 
within the focal spot, three bundles of curves (B, C) , 
(D, E) and (F, G) have also been shown in Figure 1. 



The equations of these curves are of the type: 

%He = /xxln(\|/p) - 207 

in which: 

In (Op) represents the natural logarithm of the 
power density expressed in kw/cm 2 ; 

%He is the helium percentage in the nitrogen; 

and 

\i is a value that depends on the curve in 
question: /x = 31 for curve B; \i = 2 9 for curve C; \i = 
31.5 for curve D; /x = 2 8.5 for curve E; \i = 3 2.3 for 
curve F; and \i - 2 8 for curve G. 

Thus, within the area of the drawing lying between 
curves F and G (or alternatively D and E or B and C) , 
it is possible to choose, for the power density in 
question, the N 2 /He mixture that makes it possible to 
obtain the same performance as either pure helium or as 
a N 2 /He mixture located above the region lying between 
curves F and G (or alternatively D and E or B and C) . 

Conversely, below this region the shielding gas always 
breaks down and therefore a shielding gas plasma 
appears. The gas mixture determined from these curves 
is therefore the optimum mixture, that is to say the 
one which contains the least helium but which gives, 
however, substantially the same results as pure helium 
or as a mixture with a higher proportion of helium. 

All these curves were produced at a welding speed of 
3 m/min on steel and stainless steel workpieces with a 
parabolic mirror of 250 mm, 200 mm or 150 mm focal 
length, and using a C0 2 laser whose Q-f actor was 4. 

As shown in Figure 1, a helium/nitrogen mixture 
containing 50% by volume of nitrogen gives penetration 
depths and welding speeds that are approximately the 
same as for pure helium for a C0 2 laser power density 
of 5.3 x 10 6 W/cm 2 . 
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The invention may also be demonstrated by showing the 
change in the threshold for the shielding gas plasma to 
appear as a function of the helium content in nitrogen 
and of the laser power employed, as shown 
diagrammatical ly in Figure 2. 

This * other representation, less general than the 
previous one, may be obtained from the curves of Figure 
1 and using the following equations: 

(1) Op = P/S 

where $ p is the power density, P is the laser power 

used and S is the area of the focal spot ; 

2 

(2) S = tiW q 

where W 0 is the radius of the focal spot; and 

(3) W 0 W F = M 2 (Xf /7C) 

where W F is the radius of the laser beam at the mirror 
or at the focusing lens for the power in question, M 2 
is the Q-factor of the laser beam, which in general is 
a manufacturer's datum (M 2 = 1 for a Gaussian beam), X 
is the wavelength of the laser beam (10.6 /zm in the 
case of a C0 2 laser) and f is the focal length of the 
mirror or of the focusing lens. 

Thus, it is possible to switch from a power density 
representation (Figure 1) to a power representation 
(Figure 2) , and vice versa, using the above equations, 
in order to determine on the basis of the power or 
power density used the corresponding nitrogen/helium 
mixture . 

Figure 2 was obtained in this case from the curves of 
Figure 1, and for a Q-factor of 4, a focal length of 
2 00 mm and a beam diameter at the focusing mirror of 
2 8 mm. 

Thus, at 6 kW, with a focal length of 200 mm, for a 
laser of 4 Q-factor and a beam diameter at the focusing 
mirror of 200 mm, it is possible to use a 
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nitrogen/helium mixture containing 50% by volume of 
each of these components. 

The present invention is therefore based on the fact 
that the N 2 /He gas mixture is adapted or adjusted 
according to the laser power or power density used in 
order to obtain a high-quality weld and for reduced 
cost, without shielding gas plasma generation or else 
with as little plasma generation as possible. 

According to the invention, the proportions of the 
components in the gas mixture may be adjusted on the 
basis of the volume, molar or mass proportions; 
however, a volume adjustment is preferred as it is 
simpler to implement. 

Starting from this basis, the invention may be 
implemented by producing a range of gas mixtures in 
bottles, that is to say in packaged form, with a 
variable helium content in the nitrogen adapted 
according to the laser power or power density. 

For example, the table below gives three different 
N 2 /He mixtures adapted to three respective ranges of 
laser power density recommended for implementing the 
invention . 



Composition of the N 2 /He 
gas mixture (expressed as 
vol% of He) 


Recommended laser power 
density ranges 


N 2 + 30%He 


500 to 2000 kW/cm 2 


N 2 + 50%He 


2000 to 4000 kW/cm 2 


N 2 + 7 0%He 


4000 to 10 000 kW/cm 2 



Depending on the case, the invention may also be used 
directly on site by an operator, before the start of 
welding, for example on the basis of a source of helium 
and nitrogen, the N 2 /He gas mixture most suited to the 
power density or to the power of the laser used, and 
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according to the specifications of the figure appended 
hereto. 



Alternatively, the .desired N 2 /He mixture may also be 
5 obtained by automatic slaving of a gas mixer according 
to the power or power density of the laser used and by 
using the curve of the figure appended hereto as 
calibration curve. 

10 The laser welding process of the invention is 
particularly suitable for welding workpieces made of 
aluminum or aluminum alloys, stainless steel or mild 
steel . 

15 The laser welding process of the invention may be used 
for welding workpieces of the same or different 
thickness ranges between 0.1 mm and 300 mm. 



